Objective: The purpose of this study was to assess the prevalence of dental caries, developmental defects of enamel, and related factors in children with clefts.
Patients who have clefts of the lip and palate often need complex and extensive treatment, usually provided by an interdisciplinary team of orthodontists, plastic surgeons, pediatric dentists, maxillofacial surgeons, speech therapists, and others.
Following surgical repair of the cleft, the long-term oral health management of patients centers around dental caries, malocclusions, hypoplasias, and gingivitis. In some cases, the prevalence of these conditions is greater in children with clefts as compared with their peers. Bokhout et al. (1997) published results of a survey of 81 preschool children with clefts and a control group of 77 children with no congenital malformation. Sixty-nine percent of the children with clefts were caries free in the primary dentition, compared with 93% of the control children.
A year later, Paul and Brandt (1998) published results of a study of children with clefts in the south of England. The authors examined 114 children aged 3 to 18 years of age. Looking at both dentitions combined, 54% of the children were caries free. This study highlighted differences between different ethnic groups such that children from the Indian subcontinent had a higher mean caries experience than did Caucasian children.
More recently published data on the oral health of children with cleft lip and palate comes from Northern Ireland. Gregg et al. (1999) published results to the Irish division of the International Association for Dental Research from data collected at joint outpatient cleft lip and palate clinics. Their findings showed that 50% of the 5-year-olds and 40% of the 12-yearolds were caries free. A related finding was that caries experience was inversely proportional to fluoride supplement uptake. A similar study was recently undertaken in the Bristol Dental Hospital, England (Rivkin et al., 1999) . This study looked at attendance and caries experience of 85 children with cleft lip and palate. The majority of the children with clefts (41%) had isolated clefts of the palate only. The results indicated that 51% of 5-year-olds and 54% of the 10-year-olds were caries free in the primary dentition and 73% were caries free in the permanent dentition; 50% of 15-year-olds had a caries-free permanent dentition, but none of the 20-year-olds were caries free. The majority of children and young people claimed to be seeing a dentist regularly (92%) with 76%, 2%, and 15%, respectively, using the general, community, and hospital dental services.
A variety of reasons has been postulated for the high caries prevalence in this group of patients. One reason may be the irregularity of teeth (Wong and King, 1998) , and it is one rationale for aligning teeth in these young people. Another reason may be the paucity of advice that the parents get on feeding and oral hygiene. Fitzgerald et al. (1990) showed that the majority of advice received by parents was given by a voluntary parent's organization only.
A number of researchers have published results of studies, both clinical (Olin, 1964; Dixon, 1968; Ranta, 1986; Vichi and Franchi, 1995; Malanczuk et al., 1999) and histological (Jordan et al., 1966; Lagarde et al., 1987 Lagarde et al., , 1989 , on the prevalence of enamel defects in children with clefts. The precise etiology of these enamel defects remains unclear.
The purpose of this paper is to look at the relationship among caries prevalence, fluoride uptake, and enamel hypoplasia in child patients with a cleft living in a partly fluoridated region in northeast England.
MATERIAL AND METHOD
Subjects for the study were recruited from monthly cleft audit clinics run within the outpatient department of the Newcastle Dental Hospital. Families of children and young people aged 4, 8, and 12 years of age at the time of the audit were invited by letter to attend the clinic. The letter described the purpose of the clinic and what would be required of the family in terms of time spent in the department.
On the examination day, children and one or both parents were seen first by the plastic surgeon for a structured interview covering areas of patient and parent satisfaction with both the process and outcome of clinical care to date. A speech assessment, including video-recordings was made, and standard clinical photographs were taken. A full dental examination was carried out to include assessments for caries, dental erosion, and developmental defects of enamel. An orthodontic assessment included study model impressions and appropriate radiographs were undertaken.
The criteria for the dental examinations were as follows: for dental caries and erosion, the criteria were the same as those used in the children's dental health survey (O'Brien, 1994) . The criteria for assessment of developmental defects of enamel (enamel opacities and hypoplasia) were the modified Developmental Defects of Enamel index (Clarkson and O'Mullane, 1989) . At the same time as the clinical examination, the child or the parent was asked if the family had a dentist that the child attended and questions were asked also to assess the child's exposure to systemic fluorides: either from a fluoridated water supply or from the long-term use of supplements. A note was made of the child's cleft type.
The clinical examination was undertaken with the child supine in a dental chair and using an operating light, mouth mirror, and probe, the latter for the purpose of clearing away debris on a surface which was otherwise obscured. The teeth were examined dry for the purposes of assessing dental caries and erosion. Bitewing radiographs were taken if the child had no current views available. Table 1 describes the sample, including their exposure to systemic fluorides available during the period of dental development. The majority of children seen were in the 12-year-old group. The distribution of cleft type was similar to the normal distribution for cleft patients, with predominantly more children having isolated clefts of the palate. Of the children attending the audit clinics, most had full exposure to some form of systemic fluorides full time (N ϭ 50), while 25 had no such use.
RESULTS
Data for dental caries for boys and girls have been combined because there was no significant difference between the groups. Overall, 41% of the children were caries free in one or both dentitions. The mean dental caries experience in both the primary and permanent dentition increased with increasing age (Table 2) . Although nearly two-thirds of 4-year-olds were free of decay experience, just over one-third of the 12-yearolds were caries free.
Developmental defects of enamel primarily record colored areas on the surface of the enamel as well as hypoplastic areas (i.e., areas in which the enamel is missing to a greater or lesser extent). Enamel opacities as recorded in this study were minimal, and data for these have thus not been presented here. Of more interest in children with clefts was the prevalence of enamel hypoplasia, especially on teeth developing in the area of the cleft.
TABLE 4 Mean Dental Caries Prevalence by Systemic Fluoride Exposure
Enamel hypoplasia was prevalent in this group of children (24%). The analysis was undertaken according to cleft type and whether the hypoplasia presented on either the anterior or posterior teeth (Table 3) . Children with clefts involving the anterior part of the mouth were more likely to have hypoplasia of the anterior teeth, although the numbers are small so that this indicates a trend only.
Fluoride status was assessed according to the child's lifetime history of exposure to systemic forms of fluoride (water or supplements). Full-time exposure appeared to confer benefits; children who had had access to either fluoridated water or fluoride supplements had a lower mean caries experience than did children with no systemic fluoride ingestion history (Table  4) . ''Part-time'' status reflected the histories of those children who had either moved in or out of a fluoridated water area or who had taken fluoride supplements for only part of their life.
The cleft type did not appear to significantly affect a child's predisposition to dental caries in the permanent dentition with no discernible trend emerging between the two variables (Table 5). However, in the primary dentition, the caries experience, assessed using the decayed (d), missing (m), and filled (f) index for primary teeth, for children with a combined cleft of the lip and palate (mean dmft ϭ 1.73) was double that of children with a cleft of the lip only (mean dmft ϭ 0.86).
All the 4-year-olds had evidence of erosion of enamel in the primary teeth (incisors and first molars) and 56% of the 12-year-olds had erosion of permanent teeth (incisors and first permanent molars).
DISCUSSION
This study has demonstrated a relationship between the severity of the cleft (i.e., those children with clefts of both the lip and palate) and the number of teeth with hypoplastic defects. Although this is a recognized sequela of clefting, the etiology for this is unclear (Olin, 1964; Dahllof et al., 1989; Vichi and Franchi, 1995) .
Research on fetuses, as well as dental casts from a postnatal sample, has concluded that the factors that led to clefting are also responsible for the enamel defects observed (Jordan et al., 1966) . Microradiographic analysis of teeth adjacent to the cleft site appear to have a different mineral structure antenatally, indicating effects attributable to the clefting process or whatever was responsible for the defect (Lagarde et al., 1987) . The evidence that both dentitions are involved as well as the location of the enamel defects led Malanczuk et al (1999) also to conclude that the etiology lay in the pathological process resulting in clefting. However, the presence of enamel defects in both dentitions has led other workers to implicate factors such as surgical intervention as well as the inevitable feeding difficulties leading to nutritional and metabolic upset in the process (Dixon, 1968; Ranta 1986 ). As in our study, Dixon (1968) also demonstrated a relationship between the site of the cleft and the prevalence of enamel defects.
The slightly higher prevalence of dental caries demonstrated in these children, by comparison with earlier studies on cleft child populations, may be due in part to the wide age range of the children. In other studies, the data are presented in discrete age bands whereas our data cover all ages from 4 to 12 years. It is difficult, therefore, to compare across the various studies, but the results are broadly similar. Paul and Brandt (1998) and Bokhout et al. (1997) reported data that showed a slightly lower caries experience whereas the study population of Gregg et al. (1999) had an increased caries experience as compared with our data. This may be due in part to regional differences, particularly in cases in which these reflect differing fluoridation status. Dahllof et al. (1989) were not able to attribute the significantly increased prevalence of dental caries in their study population, relative to unaffected controls, to dietary differences between study and control children.
No other studies on the oral health of children with clefts have reported on the prevalence of dental erosion, a clinical condition that has been found to be significant in other child populations (O'Brien, 1994) . This study has shown that the prevalence of dental erosion, in both dentitions, is high and is another aspect that should be addressed by pediatric dentists as part of a preventive and, if necessary, treatment program for these children.
Prevention of dental disease in these patients is obviously an important issue. Dental caries and one of its sequelaeextraction of teeth-may make the orthodontic management of these children more complex. It may also hinder good speech development. A valuable tool in the pediatric dentist's armamentarium is the use of systemic and topical fluorides. The relationship between caries and systemic fluoride was not found to be as conclusive as in the Irish study (Gregg et al., 1999) . However, there did appear to be benefits conferred on those that had had fluoride supplements because this study reported an inverse relationship between this form of fluoride ingestion and caries experience.
The Newcastle study is ongoing, and because of the relatively small sample size within some of the subgroups, it is too early to determine which of these differences are clinically significant.
Given the high caries experience of some children, we would advocate a more rigorous approach to the prevention of dental disease. Data from a study of similar patients in Northern Ireland would indicate that aggressive prevention by pediatric dentists makes a positive, significant difference to the oral health of these already compromised children. Not only has such contact allowed reinforcement of the preventive message but it has also allowed the identification and targeting of high-risk children for restorative care.
Early identification of enamel defects and other related dental abnormalities is important for appropriate interceptive management to ensure an optimal outcome (Vichi and Franchi, 1995) .
It would appear that the pediatric dentist, in conjunction with a dietitian, should be giving specific dietary advice rather than relying predominantly on a self-help group (Fitzgerald et al., 1990) . In addition, it is the role of the consultant in pediatric dentistry to ensure that these patients receive appropriate primary care-regular checkups, radiographs, oral hygiene advice, diet advice, and appropriate fluoride supplementationand, when required, appropriate referral for secondary care.
